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The decoder dis- 
cussed in this article 
sits between the out- 

put of a weather-satel- 
lite receiver and a free 
RS232 port on your 
computer. Featuring a 
phase-locked loop 
(PLL), extensive filter- 
ing and a microcon- 
troller for time-critical 
functions, it will faith- 
fully translate demod- 
ulated audio signals 
into a serial datas- 
tream that can be 
processed by many of 
the popular wefax 
image processing 
programs like J VFAX. 


Design by J . Altenburg 
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digital HiNote Ultra 7“ 


Weather satellite reception is a fasci- 
nating hobby on which, fortunately, 
lots of information is available from 
specialised groups. In the UK, for 
example, anyone with an interest in 
the present design should contact the 
Remote Imaging Group (RIG). We say 
this without hesitation because the RIG 
is for beginners and advanced users 
alike. Their superbly styled website at 
www.rig.org.uk contains a massive 
amount of useful information and links 
to hardware and software sources. As 
we've discovered ourselves during the 
preparation of this artide, RIG mem- 
bers will be pleased to assist and advise 
not only on the choice of receiver, 
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antennas and the like, but also on test 
files, sound samples and the latest 
weather image processing software. If 
you are not on the Internet, then con- 
tact the RIG through The Secretary, 
John Tellick, 34 Ellerton Road, Surbiton, 
Surrey KT6 7TX. 


GET THE PICTURE 

As already mentioned, the place of the 
present decoder is between the receiver 
output and the RS232 port on your 
computer. One possible configuration 
of a weather satellite reception system 
is sketched in Figure 1. Note that there 
are two input ‘channels’: 137 MHz for 
low-orbiting (high-resolution) satellites 
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1691 MHz 
METEOSAT 
converter 


tracking 
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(NOAA, GOES) and 1690 MHz for the 
geostationary ‘Meteosat’ cluster. Usu- 
ally, the Meteosat converter will 
employ 137 MHz as the intermediate 
frequency (IF), allowing its output sig- 
nal to be feed to the input of the 
137 MHz converter. The Meteosat con- 
verter usually gets its input signal from 
a parabolic dish, while the 137 MHz 
converter usually employs a cross-yagi 
with combined azimuth and elevation 
control by a tracking system. This sub- 
system is fed with the so-called Kepler 
eaements you have to calculate for your 
location on the globe. Suitable pro- 
grams? Look for Wintrack, PCTrack 3.1 
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Figure 1. Components that make up a 


full-blown weather-satellite receiving 
system. If the system is equipped with a 
suitable clock control, the cassette 
recorder may be used for unattended 


recording of weather charts. 


and STSORBIT-Plus - hyperlinks to 
download sites are on the RIG’s Soft- 
ware page! 

Note that the equipment as shown 
in Figure 1 is a ‘full-blown’ system. 
Meteosat reception is optional, asis the 
tracking system for the 137-MHz 
antenna. If you are sat- 
isfied with just the 


Figure 2. Circuit dia- 


strongest part of the 


transmission (‘pass’) 
from a low-orbiting 
Satellite like NOAA, 


then a simple dipole 

antenna and a wide 

band (>40 kHz) scan- 
ner/receiver may be used with accept- 
able results. Again, RIG members will 
be happy to advise! 


THE SATELLITE SIGNAL 
isan audible signal with the main com- 
ponent (carrier) at 2400 Hz. Weather 
satellites (even Russian 
ones) generally use the 


gram of the decoder 
for wefax signals. 
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APT format (Automatic Picture Trans- 
mission), which is a mix of FM (fre 
quency modulation) and AM (ampli- 
tude modulation). The picture informa- 
tion is amplitude-modulated on a 
carrier, which, in turn, is frequency 
modulated. Cumbersome and hope- 
lessly outdated as it may seem, this AM- 
in-FM’ packaging is actually pretty inge- 
nious because it avoids the complex 
compensation of Doppler shift at the 
receiver side. Remember, all low-orbit- 
ing satellites travel at very high ground 
speeds, typically covering a horizon-to- 
horizon arc in just a few minutes. 

The picture transmission rate is usu- 
ally two lines per second. The signal 
will typically sound like a hiss inter- 
rupted by two 2400-Hz beeps per sec- 
ond. The 2400-Hz tone is also domi- 
nant in the picture leader and trailer 
syncs. The highest frequency of the 
picture information proper (‘pixels’) is 
about 1200 Hz. 

Because it is assumed that the 
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weather-satellite signal has been prop- 
erly demodulated before it is applied 
to the present decoder, a detailed 
analysis of its structure is beyond the 
scope if this article. 


HARDWARE 
DESCRIPTION 

The circuit diagram of the converter is 
shown in Figure 2. The circuit is a com- 
bination of analogue and digital com- 
ponents. 

The audio input signal reaches 
input amplifier IC1la via a line trans- 
former, Trl. This is included for electri- 
cal isolation and to keep digital noise 
(8MHz ST6 clock) away from the 
receiver. Preset P1 allows an output 
level of 2.3V to be set. The opamp out- 
put signal is sent to a PLL (phase 
locked loop), IC2, and a rectifier/buffer, 
IC 1b-IC4a, which is followed by a filter 
built around IC3 and IC4b. 

Let’s first look at what the PLL does. 
The inexpensive and well-tried N E567 


Figure 3. Copper track 
layout and component 
mounting plan of the sin- 
gle-sided PCB for the 
decoder (board available 
ready-made). 


COMPONENTS LIST 


Resistors: 
R1,R4,R14,R21-R25 = 1kQ 
R2,R16,R18 = 4kQ7 

R3 = 120 kQ 

R5 = 22 kQ 

R6-R9 = 10 kQ 

R10 = 18kQ2 1% 

R11 = 3kQ3 

R12 = 17kQ8 1% 

R13 = 5kQ23 1% 

R15 = 100 kQ 

R17 = 2kQ2 

R19 = 33 Q 

R20 = 680 Q 

P1 = 250 KQ preset H 
P2,P3 = 22 KQ preset H 


Capacitors: 
C1-C4,C13,C17,C18 = 100 nF 
C5 = 4uF7 16V radial 
C6,C19-C22 = 10 uF 63V radial 
C7 = 33 nF 

C8 = 10 nF 

C9,C10,C23 = 12 nF 

C11 = 330 nF 

C12 = 1 uF MKT 

C14,C15 = 22 pF 

C16 = 100 «F 25V radial 


Semiconductors: 

D1,D2,D6,D7 = BAT85 

D3 = LED red, 3mm, low current 

D4,D5 = AA119 or BAT85 

D8-D11 = LED, yellow, 3mm, low 
current 

D12 = LED, green, 3mm, low current 

D13 = zener diode, 5V6, 400mW 

T1 = BC327 

IC1,IC4 = TL072 CP 

IC2 = LM567CM 

IC3 = MAX280C PA 

IC5 = 4066 

IC6 = ST62T10 B6-HWD (order code 
996513-1) 

IC7 = 78L05 or LP2950 CZ5.0 

IC8 = ICL7660 CPA or MAX1044 


Miscellaneous: 

J P1 = 3-way SIL pinheader with 
jumper 

J P2 = 2-way pinheader with jumper 

K2 = 9-way sub-D socket (female), 
angled pins, PCB mount 

K5 = mains adaptor socket, PCB 
mount 

S1 = on/off switch, 1 contact 

TR1 = line transformer, Monacor 
(Monarch) type LTR110 or MTR120 

X1 = 8MHz quartz crystal 

Clip-on lead for 9V PP3 battery 

9 volt PP3 battery or 9V 300mA 
mains adaptor 

PCB, order code 990021-1 (see 
Readers Services page) 

Disk, contains ST6 source code file 
and Satview program, order code 
996019-1 (see Readers Services 
page). 
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Main decoder 
routine 


The main grey-level decoding routine executed by the ST micro- 
controller in this project performs the following sequence: 
L.Initialise register x with value 00 (aux. value for jump instructions) 
2. Enable interrupts 

3. Disable timer interrupt 

4. Initialise variable ‘dcb’ (all LEDs off) 


Inside ‘loop’, the following is done: 

5. Copy contents of ‘dcb’ to port B (open sample&hold switch, 
make LEDs light) 

6. Wait for falling edge of NMI 


The NMI handling consists of: 

7. Close sample&hold switch 

8. Read A/D converter 

9. Send start bit to serial channel 

10. Start A/D conversion using input ‘average’ 

11. Reload watchdog 

12. Send bits 0-7 to serial channel 

13. Read A/D converter 

14. Send stop bit to serial channel 

15. Start A/D conversion using input ‘sample&hold’ 

16. If A/D value< 70 then code for 1 LED to ‘dcb’, go to ‘loop’ 
17. If A/D value< 100 then code for 2 LEDs to ‘dcb’, go to ‘loop’ 
18. If A/D value< 150 then code for 3 LEDs to ‘dcb’, go to ‘loop 
19. Code for 4 LEDs to ‘dcb’, go to ‘loop’ 


The timing of these routines is critical. At 2400 Hz, a time slot of 
417 us is available to perform both A/D conversions and transmit 
the value serially. Fortunately, the A/D conversion may be per- 
formed while serial data are being transmitted and the microcon- 
troller determines which of the 4 LEDs is to be switched on. The bit 
rate is 38,400 per second, or 26 us per bit. In this time slot, the 
processor executes 16 machine cycles. 

A software cycle starts with waiting for the NMI signal supplied by 
the PLL. During the previous cycle, the A/D converter already mea- 
sured the input voltage at the pixel input (i.e., the input with sam- 
ple&hold). The conversion result is held ready in the A/D latch. At 
step 7, the sample&hold switch is closed, allowing the capacitor 
to track the input. Atstep 8, the A/D converter is read. To save 
time, a Start bit is already sent. Next, a new A/D cycle is started, 
this time the average value at input 8 is measured (PB7), this value 
is later used to drive the LED bar. One A/D conversion lasts at least 
70 us. No problem, we'd say, because a 10-bit serial word is sent 
at the same time, lasting 10x26=260 us. 

Next, the 8 databits are transmitted. The overall timing is critical 
as discussed further on. While the 8th databit is being transmitted, 
at step 13 the A/D is already being read (voltage at ‘average’ 
input). Meanwhile the time for the last bithas elapsed, and the 
stop bitis sent (step 14). Next, we start the A/D converter, this time 
sampling the pixel input. The measured average value is com- 
pared checked against a couple of thresholds to allow the right 


code to be sent to ‘dcb’ for the control of the LEDs. The code to 
open the sample&hold switch is also sent. Next the program 
counter is returned to ‘loop’ and the micro waits for NMI again. 
The A/D conversion takes place while the micro waits for a new 
NMI pulse edge. 


le 208 us rl. 208 us >| 


Pin 11 J sample l 





Read A/D ----- --------------- X-------------- 


234 us 
Data Out LELLLLLLLI 


Start A/D 


A/D Ready 





The timing is calculated as follows: 
NMI to data-out: 19.5us 

Serial out:234us 

Which LEDs on/off 42.5us 

Data to port B: 19.5us 


The total duration of 316 ws corresponds to a frequency in excess 
of 3 kHz. 

The serial signal is generated as follows. The byte in accumulator 
A has to be transmitted serially, LSB-first. “Piece of cake” you'd 
say, “just use the usual Rotate or Shift-Left instructions”. Surprise, 
surprise, the ST6 does not have these instructions! Not to be put 
off, the author devised a solution that does not compromise the 
control of the LEDs. As shown below, it involves conditional jumps 
and accurately ‘tweaking and padding’ the number of machine 
cycles to make sure the routine always takes the same amount of 











In this way, 16 machine cycles are always executed, correspond- 
ing to 26 us and a data rate of 38,400 bits/second. 





is used here in a standard configura- 
tion. Diodes D1 and D2 limit its input 
signal to about 0.4 V. Preset P2 sets the 
centre frequency to 2400 Hz, enabling 
the carrier reference clock to be recov- 
ered from the composite APT signal. 

The signal rectifier (IC1b) is an 
active 2-phase type whose half-phase 
output levels can be made equal by 
adjusting preset P3. 

Although it employs just one IC 
and an opamp, the filter is a seven-pole 
type! Extensive filtering is required 
because of the relatively small differ- 
ence between the carrier frequency 
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(2400 Hz) and the highest data fre- 
quency (approx. 1200 Hz). Remember, 
in traditional transmission technology, 
arule of thumb is that carrier frequen- 
cies are at least 10 times higher than 
the highest modulation frequency. This 
is done to facilitate extracting the mod- 
ulation signal. Thefilter consists of 
three elements: (1) low-pass R10-C8, (2) 
IC2 and (3) Butterworth section |C4b. 
The first is dimensioned for cut-off fre- 
quency of about 1400 Hz. The second 
element, says Maxim Inc., isa ‘5th order 
all-pole instrumentation lowpass filter with 
no dc error’. Its main technical data may 


be found on the D atasheets on page 61- 
62 of our March 1999 issue. The filter 
around |C4b is a Butterworth section 
which further adds to the selectivity for 
the pixel component in the APT signal. 

The filtered picture data represents 
grey levels. It is used to charge a capac- 
itor, C11, via electronic switch IC5a. 
This capacitor acts as amemory device 
when the microcontroller is busy per- 
forming an A-D conversion. The 
switch is controlled by microcontroller 
port line PB4. 

The average value of the pixel grey 
levels is read by the ST6 via port line 
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time to execute whether or not the jump condition is satisfied. 
Label instruction comment no. of machine cycles 
rs 2a,hpl15 Test bit 2, jump as 1 5 
op 2 
Res 0, DRA write 0 4 
rr 0,x,hpl6 X = 0, so always j ump 5 
Hp15 
op 2 
Set 0, DRA write 1 4 
rr 0,xhpl6 X = 0, so always j ump 5 
Hp16 





PB7. It is obtained by low-passing the 
filter output in network R15-C12. 

The ST6 microcontroller (IC1) runs 
a program written to perform quite a 
few functions quasi-simultaneously. 
These functions include A-D conver- 
sion of the pixel grey levels, supplying 
a serial datastream to the PC (via T1 
and K2) and driving aLED array (D6, 
D9, D10, D11). The inset provides 
essential information on the operation 
of the software. 

The power supply is fairly conven- 
tional. Either a 9V PP3 battery or a 
mains adaptor may be used to supply 
an unregulated input voltage of about 
9V dc. This is stepped down to a reg- 
ulated 5-V rail by a 78L05 (IC7). The 
negative (-5 V) auxiliary voltage for the 
TLO72 opamps is generated by an 
ICL 7660 (IC8) in a standard application 
circuit. A zener diode (D13) is added 
for safety. 


CONSTRUCTION 

The artwork layout shown in Figure 3 
is that of a compact single-sided PCB 
accommodating all parts including the 
battery. This board is available ready- 
made through our Readers Services 
and kit suppliers advertising in this 
magazine. Construction is straightfor- 
ward if you work carefully and sys- 
tematically. In particular, make sure 
you get the following right: 1% resis- 
tors (measure value before fitting) and 
all polarised components (diodes 


Figure 5. Example of a 
weather satellite 
image received with 
the decoder in combi- 
nation with the 
‘Satview’ program. 
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Figure 4. Our finished 
and working prototype 
of the weather satel- 
lite decoder. 





including LEDs, ICs, electrolytic caps 
and transistor T1). 


ADJUSTMENT 

For the following adjustment proce- 
dure it is assumed that you have avail- 
able a recording of a weather-satellite 
signal (these may be found on the web 
as ‘wave’ files). 


1. Apply the input signal and adjust 
P1for alevel of 2.3 Vpp on pin 1 of 
IC1. 

2. Adjust P2 until the PLL locks onto 
the 2400 Hz carrier, when D3 will 
light. 

3. Connect an oscilloscope to pin 1 of 
1C4 and adjust P3 for best symme- 
try of the two rectified half-waves. 

4. Now first set up the serial link to the 
PC. Run a terminal emulation or 
communication program (say, 



































HyperTerminal), and set up a data 
rate of 38,400, 8 bits, no parity, 1 
stop bit, no handshaking. Nett, 
install JP2 on the converter board. 
JP1 should be set to the ‘ground’ 
position. The converter should 
write a continuous stream of gob- 
bledegook characters among which 
can be read the words START!! and 
‘Bildtest’. If this works, the serial 
link is okay. If not, debug it first. 
Have you fitted a socket in position 
K2? Is your serial cable a straight- 
through type (no crossed wires)? Is 
theRS232 port on your PC properly 
set up? 

5. RemoveJP2 and install JP1 so that it 
is at the side of R5. 

Quit your communications program. 

Launch the wefax or image processing 

program — if correctly set up on the 

PC, the weather image can be seen to 

build up line by line. 


IMAGE PROCESSING 
SOFTWARE 

Several excellent programs are avail- 
able for weather image reception and 
processing on aPC. The best known of 
these is the formidable] VFAX package 
written by Eberhard Backeshoff, 
DKV. Version 7.1 of this program may 
be found on various web sites and ftp 
sites (ftp.funet.fi). Note, however, that 
JVFAX is neither shareware nor public 
domain — see the author’s Copyright 
notes on page 50 of the (hefty) manual. 
JVFAX is not an easy program to master 
but it excels in the number of weather- 
satellite modes and standards sup- 
ported. If you are a newbie, don’t 
expect to have JVFAX up and running 
in less than an evening. 

Other suitable programs include 
WXSAT 2.4 and SatView. The latter, a 
Windows program, was written spe 
cially for the present decoder and may 
be found on the project diskette (order 
code 996019-1) which also contains the 
source code file for the ST6 microcon- 
troller (METEOSAT.ASM). (990021-1) 






































